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ABSTRACT
Helianthus tuberosus	L.	 is	cultivated	widely	across	 for	 its	edible	 tuber.	As	a	source	of	 inulin	with	aperient,	
cholagogue	and	tonic	effects,	its	tubers	have	been	used	for	the	treatment	of	diabetes.	Also,	the	leaves	of	Helianthus 
tuberosus	L.	 show	antipyretic,	 analgesic	effects	and	are	 therefore	used	 for	 the	 treatment	of	bone	 fracture,	 skin	
wound	and	pain.	The	main	aim	of	this	study	is	to	establish	the	optimum	dose	from	rheological	and	nutritional	point	
of	view	of	Helianthus tuberosus	L.	tuber	flour	and	leaves	flour	used	as	functional	ingredient	in	bakery	products	
industry.	The	types	of	mixtures	of	flours	used	in	this	study	was:	P1–100%	wheat	flour;	P2-93%	wheat	flour	+	7%	
Helianthus tuberosus	 (5%	tuber	+	2%	leaves);	P3-92%	wheat	flour	+	8%	Helianthus tuberosus	 (5%	tuber	+	3%	
leaves);	P4-	90%	wheat	flour	+	10%		Helianthus tuberosus	(5%	tuber	+	5%	leaves);	P5	-100%	Helianthus	tuber;	
P6-	Helianthus	leaves.	The	potential	functional	of	wheat	flour	enriched	with	the	Helianthus tuberosus,	in	different	
proportions,	was	evaluated	concerning	chemical	composition	and	rheological	behaviour	of	 the	doughs.	Adding	of the Helianthus tuberosus	L.	 tuber	and	 leaves	provoked	an	effect	 increasing	 the	 levels	of	 inulin,	minerals	and	
fiber	in	wheat	flour.	The	rheological	properties	of	dough	showed	that	P2,	kept	the	rheological	parameters	for	the	
technological	behavior	in	order	to	obtain	an	acceptable	quality	of	the	bakery	products.
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INTRODUCTION
Helianthus tuberosus L. is	 a	 perennial	 plant,	
known	 from	 ancient	 times	 and	 it	 is	 mainly	
cultivated	 for	 its	 tubers.	 	Helianthus tuberosus	 L.	
tubers	represent	a	major	source	of	fibres,	especially	
inulin	 (a	 fructose	 polymer),	 with	 cholagogue,	
diuretic,	 aperient,	 spermatogenic,	 stomachic	 and	
tonic	 effects.	 That	 is	 why	 the	 tubers	 have	 been	
used	 as	 a	 traditional	 medicine	 for	 diabetes	 and	
rheumatism	 treatment	 (Pan	 et al.,	 2009).	 This	
plant	has	high	content	of	minerals	 (Vibe	Bach	et 
al.,	2013,	Somda,	McLaurin,	&	Kays,	1999;	Terzic	
et al.,	2012).	
The	 leaves	 of	 Helianthus tuberosus	 L.	 were	
used	 as	 traditional	 medicine	 in	 China	 for	 the	
treatment	of	bone	 fracture,	skin	wound,	swelling	
and	 pain,	 with	 the	 following	 effects:	 antipyretic,	
analgesic,	anti-inflammatory	(Yuan	et al.,	2013).	
In	their	studies,	Yuan	et al.	(2013)	showed	that	the leaves of this plant also found to possess various 
biological	 activities	 including	 antimicrobial,	
antifungal	 and	 anticancer	 properties,	 while	
sesquiterpene	 lactones	 were	 elucidated	 as	 the	major active constituents of the aerial parts of 
Helianthus tuberosus	 L.	 This	 study	 focused	 on	
phytochemical	 investigation	 of	 the	 leaves	 of	
Helianthus tuberosus	L.	in	order	to	isolate	cytotoxic	
activity	 components	 of	 a	 new	 sesquiterpene	
lactone	as	well	 as	 twelve	known	compounds.	All	
of	 the	 isolates	were	evaluated	 for	 their	 cytotoxic	
effects	against	the	human	cancer	cells.	The	results	
indicated	 that	 all	 the	 sesquiterpene	 lactones	
exhibited	potent	 cytotoxic	 activity	 against	 tested	cancer cell lines.
Recent	studies	have	shown	that	inulin	provides	
a	 unique	 combination	 of	 interesting	 nutritional	
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properties,	which	are	conferring	functional	role	in	
human	nutrition	(Rubel	et al.,	2014).	
A	 massive	 interest	 of	 consumers	 in	 bakery	
products	enriched	with	functional	ingredients	led	
to	more	and	more	research	related	to	technological	improvements and development of such products 
(Ajila	et al., 2010).	
Taking	into	account	these	studies,	Helianthus 
tuberosus	 L.	 tubers	 and	 leaves	 could	 be	 also	
utilized	to	 increase	the	dietary	 fibre	and	mineral	
content	of	wheat	flour.	Only	few	studies	had	been	
done	using	these	ingredients.	
The	main	aim	of	this	study	is	to	establish	the	
optimum	 dose	 from	 rheological	 and	 nutritional	
point	of	view	of	Helianthus tuberosus	L.	tuber	flour	
and	 leaves	 flour	used	as	 functional	 ingredient	 in	
bakery	products	industry.
MATERIALS AND METHODS 
Materials	used	in	this	study	were:	Helianthus 
tuberosus	 L.	 tuber	 and	 leaves	 flour	 provided	 by	
Hofigal	Export	 Import	 SA,	 (Bucharest,	Romania).	
The	damage	degree	of	the	flour	components	may	
be	 considered	 to	 be	 low	 because	 all	 steps	 were	
performed	 at	 low	 temperature.	 The	 wheat	 flour	
used	was	550	(0.55%	d.m.	ash	content)	and	was	
provided	by	Titan	S.A.	(Bucharest,	Romania).	
Mixtures	 from	550	wheat	 flour	and	different	proportions of Helianthus tuberosus L. tuber	 and	
leaves	flourwere	obtained.	Flour	mixtures		used	in	
this	study	were	the	following:	
P1–100%	wheat	flour;	P2-93%	wheat	flour	+	
7%	Helianthus tuberosus(5%	tuber	+	2%	leaves);	
P3-92%	wheat	flour	+	8%	Helianthus tuberosus 
(5%	 tuber	+	3%	 leaves);	P4-	90%	wheat	 flour	+	
10%	Helianthus tuberosus	(5%	tuber	+	5%	leaves);	
P5	-100%	Helianthus leaves;	P6- Helianthus	tuber.
Chemical analysis
Dry	 matter	 was	 determined	 at	 103	 0C	 (±2	
0C)	 (2	 g	 test	 samples)	 until	 constant	 weight	
(ICC	 Standard	 No.	 110/1).	 The	 ash	 content	 was	
determined	by	incineration	at	525	±	250C	(ICC	No	
104/1).	 Total	 fat	 was	 determined	 by	 petroleum	
ether	extractionat	40-650C,	using	a	semiautomatic	
Soxhlet	 Foss	 Extraction	 System	 2055	 (Foss,	
Sweden).	 Total	 nitrogen	 (N)	 and	 crude	 protein	
content	(N·6.50,	conversion	factor)	were	estimated	
by	 the	 Macro	 Kjeldahl	 Method	 (Kjeltec	 System,	
FOSS,	Sweden).	Total	fiber	was	measured	using	the	
enzymatic	 gravimetric	method,	 	 	Mes-Tris	 buffer,	
AOAC	(1995)	method	991.43.	The	determination	
was	performed	using		Fibertec	1023	system	(FOSS	
Sweden).Each	sample	was	analyzed	in	triplicate.
Inulin analysis
Inulin	 was	 determined	 according	 to	
“Determination	 of	 inulin	 in	 dough	 products”	
method,(Petkova	et al.,	2012).	The	inulin	extraction	
of	 the	 samples	 was	 carried	 out	 in	 an	 ultrasonic	
bath	 Ultrawave	 operating	 with	 60	 Hz	 ultrasonic	
frequency	 and	 power	 240	 V.	 The	 sample	 was	
centrifuged	on	Eppendorf	 5804	R	 centrifuge.	The	spectrophotometric experiments for determination 
of	 fructans	were	carried	out	using	resorcinol.	The	
absorbance	 of	 pink	 coloured	 compounds	 was	
shown	 at	 480	 nm	 against	 distilled	 water.	 The	
concentration	of	inulin	in	the	samples	extracts	was	
calculated	 using	 the	 calibration	 curve	 of	 fructose	
(Petkova	 et al.,	 2012,	 2013).	Measurements	were	
performed	using	a	spectrophotometer	Jasco	V	550	
UV	Vis	spectrophotometer.
 Minerals analysis
The	 minerals	 content	 was	 determined	 with	
ICP-MS;	 Perkin	 Elmer	NexION	 300Q	 (inductively	
coupled	 plasma-mass	 spectrometer	 equipment).	
Total	ash	was	determined	by	 incineration	at	550	
°C,	 in	 an	 oven.	Analysis	was	performed	using	 an	
external	standard	(Merck,	multi	element	standard	
solution)	and	all	calibration	curves	were	obtained	
at	 6	 different	 concentrations.	 The	 total	 mineral	
content	was	measured	using	their	most	abundant	
isotopes.	 The	 dried	 samples	 were	 digested	 in	 a	
mixture	of	concentrated	HCl.	
Rheological properties testing
The	 rheological	 behaviour	 of	 dough	 was	
analyzed	using	the	predefined	“Chopin+”	protocol	
on	 Mixolab.	 It	 has	 been	 used	 the	 international	
standard	 ICC-Standard	Method	No.	173,	protocol	
for	a	complete	characterization	of	flours.	Mixolab	
is	equipment	used	to	characterize	the	rheological	
behaviour	 of	 dough	 subjected	 to	 a	 dual	 mixing	
and	 temperature	 constraint.	 It	 measures	 in	 real	
time	 the	 torque	 (expressed	 in	Nm)	 produced	 by	
passage	of	 the	dough	between	 the	 two	kneading	
arms,	 thus	 allowing	 study	 of	 rheological	 and	
enzymatic	 parameters:	 dough	 rheological	
characteristics	 development	 time	 (hydration	
capacity,	 	 etc.),	 protein	 reduction,	 enzymatic	
activity,	 gelatinisation	 and	 gelling	 of	 starch.	
Mixolab	 can	work	with	 a	 constant	 dough	weight	
to	eliminate	the	influence	of	the	mixer-filling	ratio.
The	 procedure	 parameters	 used	 for	 the	
analysis	 of	 the	 rheological	 behaviour	 of	 the	
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Mixolab	 is	 the	 following:	 tank	 temperature	30°C,	
mixing	speed	80	min–1,	heating	rate	2°C/min,	for	a	
total	analysis	time	of	45	minutes.	
Mixolab	 recorded	 curves	 (Table	 1.),	 are	
basically	 characterized	 by	 torque	 in	 five	 defined	
points	 (“C1”-“C5”,	 N∙m),	 temperatures	 and	
processing	 times	 corresponding	 to	 them.	 The	
correlation	between	parameters	(Table	2)	is	tested	
during	mixing	 and	 heating	 of	 dough	 by	Mixolab	
(Dubat,	2010;	Papouskova	et al.,	2011).
The	 parameters	 obtained	 from	 the	 recorded	
curves	involve:	water	absorption	(%)	or	percentage	
of	water	required	for	the	dough	to	produce	a	torque	
(C1)	of	1.1	N∙m,	mixing	stability	(min)	or	elapsed	
time	at	which	the	torque	produced	 is	kept	at	1.1	
N∙m,	 protein	weakening	 (C2,	N∙m	 and	 difference	
of	 the	 points	 C1-2,	 N∙m),	 starch	 gelatinisation	
(C3,	N∙m	and	difference	of	the	points	C3-2,	N∙m),	
amylolytic	activity	(C4,	N∙m	and	difference	of	the	
points	C3-4,	N∙m),	starch	gelling	(C5,	N∙m	and	the	
difference	between	the	points	C5-4,	N∙m).
Mixolab	 “Chopin	 +”	 transforms	 the	 standard	
curve	 into	 six	 quality	 indicators,	 expressed	 on	 a	
scale	of	0-9	(Mixolab	index)	regarding:	
-	 Water	 Absorption	 Index	 (a	 function	 of	 the	
composition	of	the	flour	protein,	starch,	fiber…).	
It	affects	dough	yield.	The	higher	the	value,	the	
more	the	flour	absorbs	water.
-	 Mixing	 Index,	 represents	 the	 behaviour	 of	
the	 dough	 during	 mixing	 at	 30°C	 (stability,	
development	time	and	weakening).	A	high	value	
corresponds	to	high	dough	stability	in	mixing.
-	Gluten+	 Index,	 represents	 the	behaviour	 of	 the	
gluten	when	 heating	 the	 dough.	 	 A	 high	 value	
corresponds	to	high	gluten	resistance	to	heating.
-	 Viscosity	 Index,	 represents	 the	 increase	 in	
viscosity	 during	 heating.	 It	 depends	 on	 both	
amylase	activity	and	starch	quality.	A	high	value	
corresponds	 to	 high	 dough	 viscosity	 during	
heating.
-	 Amylolysis	 Index,	 the	 starch’s	 ability	 to	 with	
stand	 amylolysis.	 A	 high	 value	 corresponds	 to	
low	amylase	activity.
-	Retrogradation	Index,	represents	the	characteris-
tics	of	 the	starch	and	 its	hydrolysis	during	 the	
test.	A	high	value	corresponds	to	a	low	shelf	life	
of	the	end	product.	(www.chopin.fr).
RESULTS AND DISCUSSION 
The	 composition	 of	 wheat	 flour,	 Helianthus 
leaves, Helianthus	 tubers,	 and	 mixtures	 of	 the	
three	flours	is	shown	in	Table	3.
Helianthus tuberosus L.	tuber	and	leaves	flours	
were	chemical	analyzed	for	its	content	in	proteins,	
ash,	 lipids,	 and	 total	 fibers	 (Table	3).	These	data	
confirm	 that	 Helianthus tuberosus	 L.	 tuber	 and	
Tab. 1.	Mixolab	curves
Point Significance Associated	parameters
C1 Used	to	calculate	water	absorption T°C	1	and	T1
Dough	temperature and 
the	time	taken	for	
different	types	of	
torque	to	appear
C2
Measures	protein	weakening	as	a	function	of	mechanical	
work	and	temperature
T°C	2	and	T2
C3 Measures	starch	gelatinization T°C	3	and	T3
C4 Measures	the	stability	of	the	hot-formed	gel T°C	4	and	T4
C5 Measures	starch	retrogradation	during	the	cooling	period T°C	5	and	T5
Tab.  2.		Mixolab	parameters	
Parameter Calculation	method Significance
Water	Absorption
	(%)
Quantity	of	water	required	
to	obtain	C1	=	1.1	Nm	+/-	0.05
Quantity	of	water	that	the	flour	can	absorb	to	achieve	a	
given	consistency	during	the	constant	temperature	phase
Time	for	C1	
(min)
Time	required	to	obtain	C1
Dough	formation	time:	The	stronger	the	flour,	the	longer	
it	takes.
Stability	
(min)
Time	during	which	torque	is	>	C1	–	
11%	(constant	T°	phase)
Dough	resistance	to	kneading:	The	longer	it	takes	the	
„stronger”	the	dough.
Amplitude	
(Nm)
Curve	width	at	C1
Dough	elasticity:	The	higher	the	value,	the	greater	the	
flour	elasticity.
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leaves	flour	represent	a	good	source	of	nutrients,	
total	 fibres	 and	 especially	 inulin.	 Inulin	 is	 the	
major	 component	 62.06%	 (d.m),	 of	 total	 fibers	
(79.40	 %,	 d.m).	 Helianthus tuberosus	 L.	 tuber	
should	be	considered	a	source	of	interesting	added	
value	 carbohydrate	 compounds,	 particularly	
inulin	with	potential	known	prebiotic	properties,	
useful	 to	 formulate	 functional	 foods	 as	 well	 as	
nutraceuticals	 (Rubel	 et al.,	 2014).	 Therefore,	
wheat	flour	enrichment	with	Helianthus tuberosus 
L. will	enhance	the	nutritional	quality	of	the	bakery	products. 
Helianthus tuberosus L.,	(P5	and	P6),	presents	
a	 high	 mineral	 content,	 is	 rich	 in	 Potassium	 (a	
heart	 friendly	electrolyte	which	brings	reduction	
in	the	blood	pressure	and	heart	rate	by	countering	
pressing	effects	of	 sodium),	Calcium	and	Magne-
sium	(Table	4).	
All	 analyzed	 samples	 had	 a	 higher	 content	
of	 minerals	 when	 they	 are	 comparing	 with	 the	
sample	 containing	 100%	 wheat	 flour.	 For	 the	
samples	 containing	 flour	 mixtures,	 the	 minerals	
content	increases	when	increasing	the	mixture	of	
Helianthus	leaves	and	tubers	(Table	4).		
Rheological	 behaviour	of	wheat	 flour	dough,	
(P1),	and	all	four	mixtures	during	the	Mixolab	test	
is	illustrated	in	Figure	1.	
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Fig.1.	Mixolab	torque	curves	(Nm)	of	wheat	and	wheat	-	tubers	composites
Tab. 3.	 Components	%	 	 w/w	 d.m	 of	 wheat	 flour,	 leaves	 flour,	 tubers	 flour	 and	 thereof	mixtures
Composition,	%	d.m. P1 P2 P3 P4 P5 P6
Proteins	content 13,76 13,70 13,75 13,85 18,95 10,45
Ash	content 0,55 1,14 1,31 1,65 17,53 5,6
Lipids	content 1,11 1,11 1,12 1,15 2,2 0,75
Total	fibers	content 1,90 6,35 6,73 7,37 35,95 79,4
Inulin	content 0 3,10 3,10 3,10 0 62,06
Tab. 4.	Minerals	contents	of	wheat	flour,	leaves	flour,	tubers	flour	and	thereof	mixtures
Minerals	content,	
(mg/100g)
P1 P2 P3 P4 P5 P6
Ca 43,8 86,87 105,34 142,3 1891,38 166.24
Mg 47,7 59,0317 69,0378 81,788 685,21 91,95
Na 30,5 31,4226 31,5544 31,818 43,68 43,68K 187,5 353,075 369,05 401 1785 2860
Cu 0,78 0,8013 0,8077 0,8205 1,42 0,95
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In	Table	5	 is	presented	the	complete	charac-
te	rization	 of	 flours	 (protein	 network,	 starch	
and	 enzyme	 activity).	 As	 the	 percentage	 of	 the	
Helianthus tuberosus L.	 tuber	 and	 leaves	 flours	
increase,	the	water	absorption	capacity	decreases.	
During	 dough	 formation	 time	 (TC1),	 also	
decreases,	except	sample	P2,	which	increase.
For	 the	 P2	 and	 P3	 samples	 dough	 stability	
times	 ranged	 between	 11.28	 to	 9.70	 minutes,	
normal	values	for	bread	dough.	P4	sample	had	an	
extremely	low	dough	stability	time.	
A	 small	 increase	 of	 consistency	 (C2)	 of	 P2	
sample	 shows	 a	 greater	 resistance	 to	 protein	
chain	 softening	under	 the	 temperature.	C2	value	
for	P3	and	P4	samples	 is	 similar	with	 the	wheat	
flour	 sample	 (P1).	 The	 greater	 the	 ingredients	
percentage	 starch	 gelatinization	 occurs	 with	
difficulty,	having	a	higher	time	(TC3)	and	a	higher	
consistency	 (C3),	 meaning	 that	 dough	 viscosity	
is	 higher.	 As	 mentioned	 above	 (Table	 1),	 C4	
parameter	 corresponds	 to	 stability	 of	 starch	 gel	
formed.	It	can	be	observed	an	increasing	of	dough	
stability	 in	 all	 samples,	 probably	 due	 to	 higher	
percent	 of	 fibers	 in	 comparison	 with	 the	 wheat	
flour	 sample.	 Regarding	 retrogradation	 stage	
of	 starch	 (C5),	 during	 cooling,	 it	 can	 be	 seen	 no	
significant	difference	between	P1	and	P2	samples	
and	significant	difference	between	P1,	P3	and	P4	samples.
Analysis	 of	 the	 rheological	 properties	 of	
doughs,	 showed	 that	 P2	 (93%	 wheat	 flour	 +	
5%	 Helianthus tuberosus	 tuber	 +	 2%	 Helianthus 
tuberosus	 leaves),	 obtained	 good	 rheological	
parameters	for	the	technological	behavior	in	order	
to	obtain	a	good	quality	of	the	bakery	products.
CONCLUSIONS
The	main	 conclusion	 in	 our	 study	 regarding	
the	 chemical	 characterization	 performed	 proved	that Helianthus tuberosus	 tuber	 and	 leaves	 flour	
are	a	 valuable	 source	of	nutritional	 components.	
When	 increasing	 the	 content	 of	 Helianthus 
tuberosus	 flour	 the	 fibre,	 inulin	 and	 minerals	
content	 increases	 also	 in	 the	 flours	mixtures.	 P2	
sample	 meets	 the	 condition	 of	 “Source	 of	 fibre”	
(more	than	3	g/100	g),	according	to	the	Regulation	
(CE)	1924/2006.	Rheological	properties	of	dough	
revealed	 that	 P2	 maintained	 the	 rheological	
parameters	 in	 limits	 that	 could	 ensure	 a	 good	
technological	behaviour	 in	order	 to	obtain	 	good	
quality	of	the	bakery	products.
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